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The reproducibility of cervical and 
cervicothoraciccurvature in an unconstrained 
standing position was examined in 17 
vOlunteers. Parameters investigated included 
three angles of cervical inclination (the angle 
between the horizontal and a line drawn 
between C2 and C7, C2 and T1, and C2 and T2 
respectively), cervical lordosis, and 
cervicothoracic kyphosis. Reliability of these 
parameters for within-trial. betyveen-trial 
(intradayl. and between-day (one week apart) 
measures was calculated from lateral 
photographs using intraclass correlation 
coefficients ICC (2,11. All measures of cervical 
inclination were highly reproducible as was 
cervicothoracic kyphosis, but cervical lordosis 
had more variable reptoducibi lity. These findings 
suggest that cervicothoracic kyphosis and 
cervical inclination are appropriate to use for 
determining the effects of intervention in either 
clinical practice or research. 
[Refshauge KM, Goodsell M and Lee M: 
Consistency of cervical and cervicothoracic 
posture in standing. Australian Journal of 
Physiotherapy 40: 235-240] 
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Consistency of cervical 
and cervicothoracic 
posture in standing 
Physiotherapy assessment of patients with pain in the upper 
spine incorporates an evaluation 
of cervical and cervicothoracic 
curvature to identify postural 
abnormalities commonly associated 
with head, neck and arm pain 
(Emwemeka et a11986, Kendall etal 
1983). When abnormalities are 
identified, it is common practice to 
intervene to correct these 
abnormalities (Emwemeka et al 1986) 
and then to attribute subsequent 
postural changes to the intervention. 
An assumption underlying this practice 
is that people have a consistently 
reproducible cervical and 
cervicothoracic posture in sitting or 
standing. . 
The reliability of cervical and 
cervicothoracic posture, however, has 
not been extensively investigated. 
Studies of this region have been 
restricted to the cervical spine with no 
other reported investigations of 
cervicothoracic curvature. Head and 
neCk position has generally been 
detei1:ilined by measuring the 
inclination to the horizontal of a line 
drawn between the tragus and C7. as 
demonstrated in Figure! (Braun 1991, 
Braun and Amundson 1989, Watson 
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and Trott 1992). Although this 
measure is a useful general descriptor 
of head position, it may be possible to 
achieve the same forward position of 
the head with varying cervical spine 
andcervicothoracic poSitions. 
Those studies that have investigated 
the reliability of measures of cervical 
posture report varied results. Watson 
and Trott (1993) reported a Pearson's 
r of 0.973 for measuring the inclination 
of the tragus to C7 on two occasions 
one day apart. Braun and Amundson 
(1989) reported a comparatively poor 
reliability for both intrasession 
(ICC=0.39) and intersession (one week 
apart, intraclass correlation coefficients 
ICC=0.56) measurements of the Same 
angle. Rheault et al (1989) reported a 
Pearson's r of 0.80 for intertherapist 
measures of cervical spine curvatpre 
using a flexible rule. Some of these 
studies did not measure the relaxed 
posture adopted by subjects, but have 
employed different degrees of 
constraint. Braun and Amundson 
(1989) constrained their seated subjects 
across the waist and chest, Watson and 
Trott's (1993) subjects performed large 
amplitude flexion and extension 
movements,coming to rest in the most 
comfortably balanced position, and 
Rheault .et al (1989) placed a flexible 
rule along ~e spine, perhaps leading to 
the adoption of an linnatural posture. 
At present it is unclear whether 
subjects adopt a consistent posture 
when observed on a number of 
occasions. The aim of the present 
investigation was to determine the 
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consistency of cervical and 
cervicothoracic spinal posture in 
relaxed standing: 
- within-trial 
- between-trials (intraday) 
- between-days (interday) 
using a number of parameters to 
quantify posture. 
Methods 
Seventeen healthy volunteers (six males 
and 11 females) comprising university 
staff and students participated in the 
study. Subjects' ages ranged from 23 to 
62 years (x 36.8, SD 10.3 years). 
Subjects known to have an abnormality 
that might influence habitual posture, 
for example neurological disorders or 
acute neck pain, were excluded. Ethical 
approval was obtained from the 
Human Ethics Committee of the 
relevant institution, and informed 
consent given by all subjects. 
Two experienced manipulative 
physiotherapists located and marked 
the skin overlying the spinous 
processes ofC2, C4 and C6-T6 
vertebrae. These landmarks were 
initially palpated with subjects lying 
prone, then relocated in the standing 
position so that marker position could 
be adjusted where skin movement had 
occurred following the change in 
posture. The location of each spinous 
process was marked after the location 
was agreed upon by the two 
physiotherapists. Light aluminium 
rods, 30 mm in length, were attached 
to the marked levels of standing 
subjects using hypoallergenic adhesive 
tape. C3 and C5 vertebrae were not 
included, because the marker 
attachments were too large to enable 
fixation to all cervical levels. This 
arrangement is shown in Figure 2, 
which shows markers also attached to 
vertebra11evels T7 -S 1 in preparation 
for further analysis. . 
Subjects Were aSked to stand relaxed 
looking straight ahead, with their feet 
comfortably apart and their toes 
aligned with a floor marker. Subjects 
were not constrained in any other way. 
Tw035mm single lens reflex .cameras 
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Figure 1. 
Angle describing the inclination of the 
tragus to C7 as reported by Braun and 
Amundson (1989) and Watson and Trott 
(1993). 
were positioned three metres from the 
subject, one posteriorly and one 
laterally, at a height level with the C7 
marker. Three photographs were taken 
at one minute intervals with both 
cameras simultaneously (trial 1). 
Subjects were then asked to walk 
around freely for two minutes. After 
this time, they repositioned themselves 
on the floor marker, and stood relaxed 
for a further three minutes. Three 
photographs were again taken at one 
minute intervals (trial 2). One week 
later the procedure was repeated 
exactly (trials 3 and 4). This resulted in 
a total of 12 lateral and 12 posterior 
photographs for each subject. A 
vertical and horizontal reference were 
placed in the camera view. The 
horizontal reference line was ofa 
known length to allow scaling to true 
dimensions. 
Data acquisition 
Postural parameters were measured 
from the lateral photographs, which 
were made into slides and projected 
onto a digitising tablet. A computer~ 
linked digitiser was used to digitise 
Figure 2. 
Subject with markers attached. 
vertical and horizontal references, the 
distal end of each marker, and the most 
proximal visible point of each marker. 
The aluminium markers enabled 
identification of the skin overlying the 
spinous processes of C2, C4 and C6-
T6, including those regions where the 
outline of the spinal curvature was 
obscured by the scapulae or rib cage. 
By locating the distal tip and one other 
point on the marker, and knowing the 
true length of the marker, the proximal 
end overlying the spinous process 
could be located. The raw coordinates 
of the proximal marker ends were then 
transformed into new coordinates with 
the y axis in the vertical direction and 
the x axis in the horizontal direction. 
The posterior photographs were used 
to determine whether the marker rods 
had deviated in the sagittal plane. 
Lateral deviation of a marker could 
alter its apparent length, causing errors 
in location of the spinous process. 
Photographs in which markers 
deviated by more than 10IDIil were not 
included in analysis. A deviation of 
10mm would result in apparent marker 
length being within 2 per cent of true 
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a Cemcalinclin:ation (Cmc1 ) 
Figure 3. 
Angular measures of cervical and cervicothoradc posture. 
marker length, producing minimal 
measurement error. 
A number of angular measures of 
spinal curvature were calculated; 
cervical inclination (Cnd), cervical 
lordosis (Cangle), and cervicothoracic 
kyphosis (C/Tangle)' These measures 
were selected to represent features of 
cervical and cervicothoracic alignment 
commonly used by clinicians to make 
judgements about posture. These 
measures were defined as: 
Cervical inclination (Cincl) This 
variable describes the forward 
position of C2 relative to the 
cervicothoracic spine. Other authors 
have measured a similar variable, but 
used the tragus and C7 as the 
landmarks (Dalton 1989, Watson and 
Trott 1993, see also Figure 1). In this 
study, C2 was used to calculate Cind in 
preference to the tragus. An advantage 
of this measure is that spinal posture 
can be quantified independently of the 
position of the head relative to the 
cervical spine. A further advantage is 
that surface measures of cervical 
inclination using C2 have been 
demonstrated to be good predictors of 
bony vertebral alignment, particularly 
when measured using markers in the 
upper thoracic spine (Refshauge et al 
1994). Three angles were used to 
define Cnd for each subject. The first 
was the angle sub tended by the 
horizontal and a line between the C2 
and C7 marker (Cind[C2-C7]). The 
second and third angles used T1 
(Cnd[C2-T1]) and T2 (Cnd[C2-T2]) 
respectively as the lower marker (see 
Figure 3). 
Cervical angle (CangIe) The cervical 
lordosis was defined by the angle 
subtended by lines drawn through C2 
and C4, and through C4 and C7 (see 
Figure 3). 
Cervicothoracic angle (CIT angle) 
The cervi co thoracic kyphosis was 
defined by the angle subtended by lines 
drawn through C4 and C7, and 
through C7 and T4 (see Figure 3). 
In addition to these angular 
measures, a curve was fitted to each 
subject's data to provide a 
comprehensive description of the 
curvature of the cervical and upper 
thoracic spine. Using a least squares 
best fit criterion, a curve of the form y 
= a+bx+cx2+dx3 was fitted to the data 
where y = vertical distance, and x = 
horizontal distance (mm) from the C2 
marker. A third order polynomial was 
considered appropriate, as it is the 
lowest order polynomial which has the 
capacity to show both lordotic and 
kyphotic curves together. Only cases 
where this fit was considered to 
adequately represent the original data 
(r2> 0.98) were used for subsequent 
analysis. 
Statistical analysis 
There were 12 sets of measures for 
each subject, representing the 12 
occasions of repeated measurement. 
To determine the consistency of the 
posture assumed by subjects, intraclass 
correlation coefficients (ICC[2,1]) 
were calculated for each postural 
parameter evaluating reliability within-
trial and between-trials on a single day, 
and between-trials on separate days. 
For between-trial comparisons the 
three measurements for each trial were 
averaged. Two between-days 
comparisons were made; the first trial 
on day one was compared with the first 
trial on day two (trial 1 versus trial 3), 
and the second trial on day one was 
compared with the second trial on day 
two (trial 2 versus trial 4). For the 
purposes of this paper, a high 
correlation is considered as an ICC 
value of < 0.85, and poor correlation as 
< 0.50. A moderate correlation lies 
between these values (Hinkle et al 
1979). 
To detect any systematic differences 
in posture, within-trial measurements 
were compared using a one-way 
analysis of variance (ANOVA) for 
repeated measures. Between-trial 
(within-day) and between-day 
comparisons were investigated using a 
paired samples t test. 
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Results 
Deviation of markers in the sagittal 
plane, measured from posterior view 
photographs, was < 10 mm in all cases. 
All lateral view photographs could 
therefore be included for analysis. 
However, five lateral photographs 
could not be digitised due to 
overexposure during processing. 
Analysis was performed on the 
remaining photographs. 
The angles investigated in the 
present study have not previously been 
reported. The magnitude of Cncl(C2-
C7) ranged from 52.5 degrees to 91.5 
degrees (x = 69.3 degrees), Cncl(C2-Tl) 
varied between 51.8 degrees and 85.8 
degrees (x = 65.7 degrees) whereas 
Cincl(C2-T2) varied between 51.8 
degrees and 81.6 degrees (X = 65.0 
degrees). Cangle varied from 134.6 
degrees to 183.2 degrees (x = 54.8 
degrees) while ClTangleranged from 
152.7 degrees to 195.0 degrees 
(X = 173.5 degrees). Means and 
standard deviations for these angles in 
individual trials are presented in Table 1. 
Several angular parameters had high 
correlations for all comparisons: 
C/Tangle and the three measures of Cncl 
produced ICC < 0.85 for all 
comparisons, that is, a high correlation 
for within-trial, between-trial and 
between-day comparisons. 
Correlations for Cangle, however, varied 
from moderate (ICC=O.72) to high 
(ICC=.90) for within-trial and 
between-trial comparisons, and also for 
between-day comparisons (ICC=0.63-
0.90). ICC values for intra-day and 
inter-day comparisons of the angular 
parameters are presented in Table 2. 
The ICC values of the coefficients of 
the fitted curves are also presented in 
Table 2. In general, a third order 
polynomial fitted the data well. Of the 
199 photographs analysed, 16 were 
excluded because of poor fit (r2 < 0.98). 
The coefficients of the fitted curves 
had variable consistency, with 
correlations ranging from low 
(ICC=0.29) to high (ICC=0.87) for 
between-d comparisons, and from 
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Table 2. 
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moderate (ICC=0.55) to high 
(ICC=0.99) for within-and between-
trials. 
There were few significant 
differences between the means of the 
various trials as identified by ANOVA 
and t test (see Table 2); The significant 
differences included: one within-trial 
comparison (trial 2) for C incl(C2-C7); 
both between-days comparisons for 
CinQ(C2-C7); both between-days 
comparisons for err angle; and curve 
coefficient 'a' for one of the between-
day comparisons. 
Discussion 
This study reports the consistency of 
several postural parameters OYer four 
test trials. The findings suggest that 
several aspects ·of cervical and 
cervicothoracic standing posture are 
reproducible when re-tested on a 
single day or on two occasions one 
week apart. The angular measure 
representing cervicothoracic kyphosis 
(Crr angle) and the three measures of 
cervical inclination (CincV had high 
ICC values for all trial comparisons. 
Therefore, these measures may be 
useful in both clinical practice and 
research, as changes observed over 
time can be attributed to intervention 
rather than to normal variation in the 
variable. In addition, since subjects in 
this study were ·nothomogeneous in 
either age or msize of cervical or 
cervicothoracic curvature, results may 
be generalised to a wider population. 
Other authors who have investigated 
the consistency of cervical posture 
(inclination of the tragus to C7) have 
reported conflicting results: Braun and 
t:-"\ :."-:. :"." .:> .. ": .. ":---" . 
Oi94 •. ··0~85/> 0.85* .. 
086 ......... ···iQ.S5>· ... 9.88 
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.: ~ ..: .. ":": :.~>'. 
()"~~> 
'0.79 
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·0;94········ 
··&93.···· 
. ·0.85* 0.98* 
···•·····•· .• ·.·.~~>·o.~.· ..• 
.> ....•..... • .• ·.00· ..••••.t ..•7.f!' ...• 7.: •••••..• ·• ••.• ••· •.•.. ' .,q}7:~ ... 
'O.il .O;~7>O;~5 . 
Amundson (1989) reported 
intrasession ICC =0.39 and 
intersession ICC =0.56 while Watson 
and Trott (1993) reported intersession 
Pearson's r =0.973. The different 
methods employed by the authors may 
account for the different results, but it 
is interesting that Braun and 
Amundson (1989) found better 
intersession than intrasession 
reliability. In the present study a high 
reliability for the measure C incl (a . 
variable similar to the inclination of 
the tragus to C7)was found, 
supporting the results reported by 
Watson and Trott (1993). However, 
neither of the previous studies 
investigated relaxed posture, but 
constrained their subjects in different 
ways. Whilst constraining subjects 
might enhance reliability, it is not 
usual physiotherapy practice. The 
current study found high reliability for 
selected parameters of standing 
posture with subjects unconstrained. 
The postural parameters investigated 
in this study have not been investigated 
previously. Most researchers have 
measured the inclination of the head 
relative to C7, using the tragus to 
define head position. A similar measure 
(Cncl[C2-C7]) was investigated but in 
the present case C2 rather than the 
tragus was used to describe cervical 
position independent of head position. 
Measures of Cncl using landmarks in 
the upper thoracic spine in addition to 
C7, that is Cncl(C2-Tl) and Cincl(C2-
T2), were also investigated because 
these measures have been shown to 
better reflect the alignment of the 
underlying vertebral bodies (Refshauge 
et aI1994). Thus, whilst the use of all 
three measures of C incl can be 
advocated based on their high 
reliability, the measure Cncl(C2-T2) 
has the additional advantage of 
correlating highly with vertebral body 
alignment. 
In contrast with the consistently high 
correlations for Gncl and C/TangIe, 
some correlations for the angle 
representing cervical lordosis (Cangle) 
were only moderate. A likely 
explanation for the variable reliability 
of this measure is the small distance 
between the three vertebral levels used 
(C2, C4 and C7). In this case, minor 
digitising errors would produce 
relatively large changes in angle. When 
measured in this way, therefore, Cangle 
may be a less useful postural parameter 
than C/Tangle or Cincl. 
A third order polynomial was fitted to 
the data obtained on each test 
occasion, providing an overall 
description of the curvature of the 
upper spine. Correlation of the curve 
coefficients varied from very low 
(ICC=O.29) to high (ICC=O.99). None 
of the coefficients had high ICC values 
for more than four of the eight 
comparisons, suggesting that aspects of 
upper spine posture may vary between 
occasions of measurement. Since the 
ICCs varied from very low to high, this 
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measure may be less useful than the 
angular measures for evaluating 
changes in posture. 
Systematic variation in posture 
between test occasions was also 
investigated. For example, it could be 
hypothesised that subjects may have 
adopted different postures on later 
measurements when they were more 
relaxed. Of the 72 comparisons made 
by ANOVA and t test, six were 
significant. When performing this 
number of comparisons, the 
probability of obtaining six significant 
differences by chance, where no 
difference exists (Type 1 error) is 
approximately 15 per cent 
(Christensen and Stoup 1986). Thus 
there does not appear to be strong 
evidence for the existence of systematic 
changes in posture. 
Conclusion 
This study determined that selected 
parameters of posture can be reliably 
reproduced wi thin-trial, between-trials 
(within-day), and between-days. The 
angular measures demonstrating 
consistently high reliability were 
C/Tangle, and the three measures of 
Cincl. Based on these results, it appears 
that these parameters would have 
sufficient reliability to be useful in 
determining the effects of intervention 
either in clinical practice or in 
research. 
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